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Multi/Many-core Everywhere

| Mulfti-core from embedded to supercomputers

| > Consumer Electronics (Embedded)

Mobile Phone, Game, TV, Car Navigation, Camera,
IBM/ Sony/ Toshiba Cell, Fujitsu FR1000,

Panasonic Uniphier, NEC/ARM MPCore/MP211/NaviEngine,
Renesas 4 core RP1, 8 core RP2, 15core Hetero RP-X,

Plurarity HAL 64(Marvell), Tilera Tile64/ -Gx100(->1000cores),
DARPA UHPC (2017: 80GFLOPS/W)

. » PCs, Servers

Intel Quad Xeon, Core 2 Quad, Montvale, Nehalem(8cores),
Larrabee(32cores), SCC(48cores), Night Corner(50 core+:22nm),

e AMD Quad Core Opteron (8, 12 cores)
OSCAR Type Multi-core Chip by Renesas in - -
METI/NEDO Multicore for Real-time Consumer > WSs, Deskside & nghend Servers .
Electronics Project (Leader: Prof.Kasahara) |B|\/|(POW€I’4 5,6 7), Sun (Sparch,TZ), Fujitsu SPARC64fx8

—-— » Supercomputers

Earth Simulator:40TFLOPS, 2002, 5120 vector proc.
BG/Q (A2:16cores) Water Cooled20PFLOPS, 3-4AMW (2011-12),
BlueWaters(HPCS) Power7, 10 PFLOP+(2011.07),
Tianhe-1A (4.7PFLOPS,6coreX5670+ Nvidia Tesla M2050),

Godson-3B (1GHz40W 8core128GFLOPS) -T (64 core,192GFLOPS:2011)
RIKEN Fujitsu “K” 10PFLOPS(8core SPARC64VI11fx, 128GGFLOPS)

The 37t (June 20,2011) &38th " High quality application software, Productivity, Cost
(Nov.14.2011) Top 500 No.1, Riken  performance, Low power consumption are important
Fujitsu “K” 705,024 cores Ex, Mobile phones, Games

Peak 11.28 PFLOPS, (88,128procs) Compiler cooperated multi-core processors are

LINPACK 10.510 PFLOPS (93.2%) promising to realize the above futures
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Core#6

Core#4

DDRPAD

AP ERETILFATFLSIFYIEE

Core#3

Core#’7

Core#5

7°AtA 90nm CMOS, 8@*4l, 3F&Vth
FyTHAR 104.8mm?2 (10.61mm x 9.88mm)
BREL 1.0V-1.4V(37), 1.8/3.3V(I/O)
EMERR# | 600MHz
CPUtRE 8640 MIPS (Dhrystone 2.1)
FPUTERE 33.6 GFLOPS
-CPUBICHIILI-BIEBER
-CPUa7 D/ AYI%EEILETS
R)—TFE—F
- CPUa7 DO—8D /Ay I%EFIE
THRF vy aaE—L Y
2%=Sa ki HBFTEELESA N R)—TE—F

-CPUO7 D ERHEEELTS
ZIVEREHRE—F

-URAMESFDCPUa7 D EIR
HHREELETELO1—LER
EEE—F

ISSCCO8FE F+: ISSCCO8 X E S 4.5, M.ITO, et al., “An 8640 MIPS SoC with Independent Power-off Control of
8 CPUs and 8 RAMs by an Automatic Parallelizing Compiler”
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MTG of SuZcor-LOOPS-DO400
Coarse grain parallelism PARA_ALD = 4.3
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Main

Automatic processor assignment in su2cor

Using 14 processors

SWEEP
"
[ |
[} LY
' \,
/
’ 1 1,14
i = I" ------ ""' [ ]

A
vy

[1,14]

[1,14] Rl N

Nrc, Nre = [PG,PE]

Coarse grain parallelization within DO400 of subroutine LOOPS

LOOPS

: e
1] st

e ' SB
RB
DO RB RB| |RB RB
900 D D D

O O O RB

400 400 400

[1,14] [1,14] [1 ,14]\

—

[1,14]

——

Triply nested loop

N i N

[2,7]

INT4V

[7.1]



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA_ALD =4.3

mm DOALL gy Sequential LOOP —1SB mmBB



Data-Localization

LLoop Aligned Decomposition

Decompose multiple loop (Doall and Seq) into CARs and LRs
considering inter-loop data dependence.

C RB1(Doall)

DO 1=1,101
A(l)=2*
ENDDO

Most data in LR can be passed through LM.
LLR: Localizable Region, CAR: Commonly Accessed Region

4 LR\

CARE

/

[ERER

(ICN RN

" LR

\

DO I-1,33

DO [=34,35

DO 1=36,66

DO I1=67,68

DO 169,101

C RB2(Doseq)
DO 1=1,100
B()=B(I-1)
+A(1)+A(1+1)
ENDDO

RB3(Doall)
DO 1=2,100
C()=B(I)+B(I-1)
ENDDO
G

DO I-1,33

SN

DO [=34,34

N

N\

DO |=2,34

DO 1=35,66

N

DO 1=67,67

DO 1=35,67

- J

-

DO 1=68,100

il

— |

. 4

DO 1=68,100

-

/




Data Localization
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Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

» Shortest execution time mode

Ordinary scheduled results

PGO PG1
1 MT2 | T
MT1 | | vful | |®
VAull 0
]
:
MT3 | [m
N P Vifull | |
Time

* Realtime processing mode with dead line constraints

Ordinary scheduled results

Time

PGO PG1
MTI1
Vfull MT2
V-full -
_______ Dead Line

FV control
PGO PGi1

MT1
V:full

Time

BREEE

—_— .

FV control

Power control

PGO | PG1

MT1 .

V:full m

B

3%

)]

Time '

Power control
PGO PG1




An Example of Machine Parameters for

the Power Saving Scheme

 Functions of the multiprocessor

— Frequency of each proc. is changed to several levels
— Voltage iIs changed together with frequency
— Each proc. can be powered on/off

o State transition overhead (Example: not for RP2)

state FULL MID LOW OFF
frequency 1 1/2 1/4 0
voltage 1 0.87 0.71 0
dynamic energy 1 3/4 1/2 0
static power 1 1 1 0

FULL

state MID LOW OFF state FULL | MID LOW | OFF
FULL 0 40k 40k 80k FULL 0 20 20 40
MID 40k 0 40k 80k MID 20 0 20 40
LOW 40k 40k 0 80k LOW 20 20 0 40
OFF 80k 80k 80k 0 OFF 40 40 40 0

delay time [u.t.]

energy overhead [uJ]




Power Reduction Scheduling

PGO 1 PGl | PQG2 | | |
MT1 11 : Phase 1 PGl I PG | PG2 | PG3
M3 MTI |-|
MT2 : < : MT4 l |
— \ Phase 2 MT?2 MT3 MT4
MTS [} MTe || —= I mm !
Ty MI7_ MT5 || |
: [ MT8 Phase 3 MID : MT6 : MT7
L] Marmi | IR | 2 | VTS
¥ GivenDeadLine time

200N

L OON —

SOONMN <1
clc

Fig. 6. V /F control of applu(dproc.)



Data Localization
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OSCARAVNASHNBEAERMT H<ILFITAPI

(OpenMPE#) FIFH. BEB<ILFIL A1
5 7A9 S LDAA—

Ist layer

MTI 1

[T~

\)

MTI 2
DOALL

MTI1 4
RB

1 42143

3rd layer

Distributed
scheduling

code

—
—
-_
—-

2nd layer

SECTIONS

SECTION

10| 71| 12| 73

MT1_1

ST

Centralized
scheduling

code

SECTION

T6| 17

—

MT1 2
1 I
\:al | T144 I
141 141
| | III | | | | I' | |
14 2 142
| | III | | | | I' | |
143 143
| | III | | | | I' | |
144 144
|I| |'
\ 4 ‘ \ 4 \ 4 \ 4

—~

Thread groupO

B |

[1.3 1]

1.3 1]

[1.3 2|

[1.32|]| e

[1.3 3]

1.3 3]

[1.3 4]
1

1.3 4|

[1.3 5|

1.3 5]

[1.3 6]
| |

11.3 6|
| | | |

vy

END SECTIONS

~—

Thread group1

!
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OSCAR API V2.0D$ER—E
Fortran & C FADN22EDNIE R H2EV METRX

it 5| 24T API y T —RERIEAPI

» parallel sections (*) » dma_transfer

» flush (*) » dma_contiguous_parameter
» critical (*) » dma_stride_parameter

» execution » dma_flag_check
AEYBEBAPI » dma_flag_send

» 7OtZL—A3API

» accelerator_task_entry
» Fyafl{HAP

» threadprivate (*)
» distributedshared
» onchipshared

» cache_writeback
RIAPI » cache_selfinvalidate O e
> groupbarrier » complete_memop ¢ E2METRX
& N HI{EHAPI » noncacheable » accelerator task
» fvcontrol » aligncache > oscar comment

» get_fvstatus
A4 —API

» get_current_time

(*) OpenMP$§RX
OSCAR: Optimally Scheduled Advanced Multiprocessor
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3.5
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2.0

1.5

1.0

0.5

0.0

Performance of OSCAR Compiler Using the multicore API
on Fujitsu FR1000 Multicore

3.76

' /3-75

100I | | | ‘

2.81
/ 1.94
71.00 |
1 2 3 4
MPEG2enc

2 3 4 2 3 4
MPEG2dec MP3enc

/ 3.47
2.55
1.98
1.00 |
1

2 3 4

JPEG 2000enc

3.38 times speedup on the average for 4 cores against

a single core execution
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Performance of OSCAR Compiler Using the Developed API on
4 core (SH4A) OSCAR Type Multicore

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

- /» 3.35
) 2.57

i 1.78

1!00

:I

re
/
2.53
1.86
l I
1.00

1

/ 3.50
2.71
1.88
.,00
I

1

//»317

1 2 3 4
MPEG2enc

1 2 3 4
MPEG2dec

1 | 2 | 3 | 4
MP3enc

1 | 2 | 3 | 4

JPEG 2000enc

3.31 times speedup on the average for 4cores against 1core
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Performance of OSCAR compiler on
NEC NawEnqme(ARI\/I NEC MPcore)
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OSCAR /51 =5
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208

&

i Em] =

2PE 2PE 2PE

mgrid su2cor hydro2d
SPEC95 Atz T, 3 13 ECEE ) 5

Compile Opiion : -O3
OSCAR compiler gave us 3.43 times speedup against 1 core for Fortran
and 3.13 for C on ARM/NEC MPCore with 4 ARM 400MHz cores
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337 NaviEngine )7 JLAA)LOS eT-Kernel Multi-Core EdltlonJ:'COD
OSCAR APIZ RS JLEETERE R

NaviEngine (ARM11 MPCore) 400MHz 3 core SMP
(Renesas Electronics EC-4260)

3.00 785

2.45 2.47

2.50

2.05
1.95 1.952'03
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. 3PE

speed up ratio
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Speedup Ratio

2

2
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0.5

Performance of OSCAR Compiler & API on
ARMv7-cores Qualcomm MSM8960 Android 4.0 for
Smart Phones
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1.81 times speedup by 2 cores on the average against 1 core



Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO VClI main_ VCO() { main VCI() {

#pragma oscar fvcontrol ¥

- ( (OSCAR CPU(),0))

#pragma oscar fvcontrol ¥
(1,(OSCAR_CPU(),100)) $
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Intel Stamp Size Solar Powered Processor “Claremont” Announced In
Intel IDF 2011 September 13
“Haswell” on Market in 2013

Bl#t&H CTO Dr. Justin Rattner
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OSCAR Heterogeneous Multicore
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— Local Program
Memory
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— Local Data Memory
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— Distributed Shared
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—  Centralized Shared
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— Frequency/Voltage
Control Register
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An Image of Static Schedule for Heterogeneous Multi-core

with Data Transfer Overlapping and Power Control
CPUO CPU1 CPU2 CPU3 DRPO
CORE | DTU | CORE A DTU | CORE | DTU | CORE | DTU CORE | DTU
(AA 1T+l LOAD | ~ ~ = 7 T LOAD
MTGH1 LOAD LOAD
| MT1-1 | gap | MT1-2
| SEND SEND
|
| MT1-3 MT1-4
! SEND
e LOAD SEND LOAD I\
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD LOAD
SEND MT3-1 LOAD LOAD
LOAD
MT2-2 MT2-3  5ap
SEND LOAD MT2—4 SEND | |
SEND LOAD - =
MT3-2 T0AD =
MT3-3 SEND
SEND
MT2-5 SEND MT2-6
MT2=7 MT3-4
- SEND
SEND MT370 MT3-5
MT2-8 SEND
STORE
STORE MT3-7 MT3-8
STORE
A STORE Y, v
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Whole Chip Power Consumption executing Multiple Light
Computational Load Applications (2, 4, SAAC Encoders) on

4
35 Power consumption of 8core SAAC aall
reduced 47% against 1 core 1AAC
. 2.75
g e
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% 2 1.89 — B 1AAC
8 m2AAC
215 . 0 BAAAC
: 68%
| reduction
10.59 o FEEEE
- N\
0.5 N\
0 SRR

IPE 4PE 8PE

Number of Processors

With 1TAAC, power consumption 1s invariable (0.60W)
even if number of processors are increased to 2, 4, 8.




Waveform of Power Consumption when executing
Multiple Light Computational Load Applications

(8 AAC Encoders) on RP2
Waveform of 1PE 1AAC Waveform of 8PE 8AAC
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Supply Voltage is change from 1.4V to 1.0V by power control.
Power Consumption increase only 29% by 8 AAC Encoders against 1 AAC Encoder.




Whole Chip Power Consumption executing
Multiple Middle Computational Load
Applications (2MPEG Decoders) on RP2

. 4PE IMPEG2dec reduce 49% power >
Against 1PE 1IMPEG2dec
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Power consumption of (4PE 1IMPEG2dec) x2
9.8.2011 1s lower than 1PE 1MPEG2dec. 48

At this time, 51% power reduction for one MPEG2dec.




Waveform of Power Consumption when executing Multiple
Middle Computational Load Applications
(1IMPEG2 Decoder) on RP2

Waveform of 1PE 1MPEG2dec

Wavef f 4PE IMPEG2d
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49% power reduction against 4PE 1IMPEG2dec 49



Waveform of Power Consumption when executing Multiple
Middle Computational Load Applications
(1IMPEG2 Decoder) on RP2

Power Consumption[W], Voltage[V]
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49% power reduction by using 4x cores is almost same as power consumption of IMPEG2dec
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